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HORMONAL INVOLVEMENT IN THE MOLTING PROCESS IN 
THE SOFT TICK, ORNITHODOROS TURICATA DUCES
CHAPTER I 
INTRODUCTION
The reco g n itio n  of an endocrine sy s te m  in  the in v e r te b ra te s  has 
opened a  new a r e a  in  horm onal re s e a rc h , com parab le  w ith  th a t of the 
v e r te b ra te s . S ince the e a r ly  w ork  in  in v e r te b ra te  endocrinology, an 
ex tensive am ount of r e s e a rc h  has been  done in  the P hylum  A rth ropoda  
and, even m o re  sp ec ifica lly , in  the C lass  In sec ta . The m any rev iew s 
(e. g ., S c h a r re r ,  1948; W igglesw orth, 1954; T u rn e r; 1955, Van der 
K loot, I960) pu b lish ed  on horm onal agen ts in  in se c ts  show th a t th ese  
su b stan ces  a re  in s tru m e n ta l in  inducing and m ain ta in ing  p h y sio log ica l 
p ro c e ss e s  such  a s  m olting , grow th and d iffe ren tia tio n , p igm en t m i­
g ra tion , m etab o lism , and reproduction .
In the P hy lum  A rthropoda, n e u ro se c re to ry  sy s tem s  w hich p r o ­
duce v ario u s  h o rm ones have been d e sc rib ed  in  the following C la sse s : 
Chilopoda, C ru s ta c e a , In sec ta  and O nychophora. In  the C lass  
A rachnida, the X iphosura  have been  re p o rte d  to have n e u ro se c re to ry
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ce lls  w hich s e c re te  ch rom atophoro trop ins (S c h a rre r  and S c h a r re r ,  
1954). N e u ro se c re to ry  c e n te rs  have been re p o rte d  to o ccu r in 
A ran eid ae , although th e ir  functional sign ificance is  s t i l l  unknown 
(Gabe, 1954; L eg en d re , 1953, 1954).
Among the A rth ro p o d s , endocrine reg u la tio n  of the cyclic  grow th 
p h ases  of in se c ts  has  rece iv ed  the m ost a tten tio n . T hese p h a se s , w hich 
a re  in itia ted  by ch em ica l constituen ts c ircu la tin g  in  the hem olym ph, 
p e rio d ic a lly  re s u l t  in  the grow th of a  new cu tic le  and the shedding of 
the old one. It has been  g en e ra lly  accep ted  th a t th e se  ch em ica l co n ­
s titu en ts  a re  h o rm o n a l in  n a tu re  and action . W ith the exception  of the 
gonads, th e  s tru c tu re s  re sp o n sib le  fo r the e lab o ra tio n  of these  
horm ones a r e  p a r ts  of n e u ro se c re to ry  sy s tem s, and in  som e cases  
the o rgan  no t only e la b o ra te s  horm ones but s to re s  them  as w ell. An 
exam ple of th is  la t te r  type of o rgan  is  the co rpus ca rd iacu m  located  
in  the head  reg io n  of c e r ta in  in se c ts .
In som e in se c ts  th e re  a re  th re e  horm ones concerned  w ith the 
p ro c e ss  of m olting  and m etam o rp h o sis . F i r s t ,  the b ra in  horm one s e ­
c re te d  by the p a rs  in te rc e re b ra l is  of the b ra in  (d o rsa l b ra in ), as  in  
Rhodnius (W igglesw orth, 1951, 1952a) o r  P la ty sa m ia  (W illiam s, 1947, 
1952, 1958), w hich s tim u la te s  s e c re tio n  by the p ro th o ra c ic  g lands. 
Second, the grow th  and d iffe ren tia tio n  horm one (GDH) s e c re te d  by 
the p ro th o ra c ic  g lands, w hich b rings about grow th and fin a l m e ta m o r­
p h o s is . T h ird , the juven ile  horm one (JH) s e c re te d  by the co rpus
alla tum , an  o rg an  w hich is  p a r t  of the nervous sy stem  and loca ted  
ju s t caudal to the b ra in . The JH  delays m etam o rp h o sis  and allow s 
g rad u al r a th e r  than  rap id  changes to o ccu r during  grow th and develop ­
m ent of in se c ts .
W iggles w o rth 's  ex p erim en ts  (1934, 1954) have shown th a t befo re  
m olting can  o ccu r in  Rhodnius p ro lix u s , the in se c t m u st be re p le te  w ith 
a  blood m ea l. M olting does not o ccu r in  bugs th a t have been s ta rv e d  
o r p a r t ia lly  fed p e rio d ic a lly . When the in se c t is  fu lly  engorged, the 
s tre tch in g  of the abdom en ap p aren tly  s tim u la te s  the n e u ro se c re to ry  
ce lls  of the p a r s  in te rc e re b ra l is  of the b ra in  to re le a s e  a substance 
w hich s tim u la te s  the p ro th o ra c ic  glands to s e c re te  GDH. T h e re  is  e v i­
dence leading to the p re su m p tio n  tha t the GDH fro m  the p ro th o ra c ic  
glands ac ts  on the co rpus a lla tu m  in the nym ph to p roduce the JH  w hich 
in  tu rn  inh ib its the im ag in ai d isc s  fro m  d iffe ren tia tin g  into the adult 
fo rm , thus allow ing the re ten tio n  of the nym phal c h a ra c te r s .  T h e re  is  
a  lapse  of tim e , how ever, befo re  the horm one co n cen tra tio n  of the 
blood is  su ffic ien t to b rin g  about th ese  re s u l ts .  S ince th e re  is  a 
balance betw een p reco c io u s  m e tam o rp h o sis  and g rad u a l developm ent, 
app rox im ate ly  equal am ounts of the GDH and the JH  a re  found during  
the f i r s t  four nym phal s tag e s  (S ch a rre r , 1946).
W igglesw orth (1940) h as shown th a t when b ra in  tis su e  has been  
tra n sp lan ted  fro m  an engorged  Rhodnius nym ph, during  the c r i t ic a l  
p e rio d  (period  of high horm one t i te r) , into the abdom en of to ta lly
d ecap ita ted  nym phs (both b ra in  and corpus a lla tu m  rem oved) ju s t a f te r  
feeding, th ese  decap ita ted  fo rm s a re  induced to m olt into dim inutive 
adults thus ind icating  th a t absence of the co rp u s a lla tum  re su lts  in 
p reco c io u s  developm ent. When, under the sam e  conditions as d esc rib ed  
above, b ra in s  a re  tra n sp lan ted  into the abdom en of p a r tia lly  decap ita ted  
nym phs (only b ra in  rem oved, w ith corpus a lla tu m  intact) ju s t a f te r  
feeding, the nym phs m o lt to the next in s ta r  only.
A dditional evidence fo r the effect of JH  has been rep o rted  by 
W igglesw orth (1952b). F o r  instance , if the blood of a th ird -s ta g e  
nym ph with in tac t corpus allatum , which has ju s t  p a ssed  the c r i t ic a l  
p erio d , is  jo ined to a  fo u rth -s tag e  nymph decap ita ted  one day a f te r  
feeding, the fo u rth -s tag e  nymph does not develop into a fifth -stag e  (as 
i t  would under n o rm a l conditions), but develops the c h a ra c te rs  of the 
fo u rth -s tag e  nym ph in stead . This is  the r e s u l t  of a h igher concen tra tion  
of JH  in  the th ird -s ta g e  nymph. C h a rac te rs  in te rm ed ia te  betw een 
fo u rth - and fif th -s tag e  nymphs develop when fourth -stage nym phs fed 
tw enty-four hours p rev io u sly  a re  jo ined  to fo u rth -s tag e  nymphs fed 
eight hou rs  p rev io u sly . The developm ent of th is  in te rm ed ia te  condition 
is believed  to be the re s u l t  of the p re m a tu re  in troduction  of the JH into 
the m olting cycle . The JH is  g rea tly  reduced  o r en tire ly  absen t in  the 
fifth  in s ta r ,  so th a t the GDH is  no longer re s tra in e d  fro m  activating  
the im ag inai d isc s  to d iffe ren tia te  into the adu lt c h a ra c te rs .
A ccording to W igglesw orth  (1934), if  Rhodnius is  to ta lly  d ecap i­
ta te d  im m ed ia te ly  a f te r  a  blood m ea l, a t any one of the nym phal in ­
s ta r s ,  the in se c t m ay  live m o re  th an  a  y e a r  but w ill not m o lt. If the 
p a r s  in te rc e re b ra l is  is  rem oved  a f te r  the c r i t ic a l  p e rio d , leaving  the 
corpus a lla tu m  in tac t, m e tam o rp h o sis  is  inh ib ited  and m olting  o ccu rs  
(W igglesw orth, 1936). Im p lan ta tion  of the co rpus a lla tu m  cau ses  the 
re ten tio n  of nym phal c h a ra c te r s ,  w hile ex tirp a tio n  of th is  gland, a t 
any tim e befo re  the fifth  nym phal in s ta r ,  w ill r e s u lt  in  p reco c io u s  
developm ent into the adu lt fo rm  (W igglesw orth, 1936).
To show the in te ra c tio n  of GDH and JH, W igglesw orth (1940), 
united a  h ead less  adu lt w ith two p a r t ia lly  decap ita ted  fo u rth -s ta g e  
nym phs and two to ta lly  decap ita ted  f if th -s ta g e  nym phs a f te r  the c r i t ic a l  
p e rio d . The f if th -s ta g e  nym phs p ro v id e  GDH fo r the adult w hile the 
fo u rth -s tag e  nym phs w ith  the c o rp o ra  a lla ta  p rov ide , in  add ition  to 
GDH, the JH. A ll individuals m o lt. The adu lt r e t ro g re s s e s  to a  nym phal 
stage; the fifth -s tag e  nym phs becom e su p e rn u m e ra ry  in s ta r s  (s ix th - 
stage) and the fo u rth -s tag e  nym phs becom e fifth  in s ta r s .
The evidence fo r the p ro th o ra c ic  glands a s  the so u rce  of the GDH 
w as developed by W igglesw orth  (1951, 1952a) in  the following m an n er. 
B ra in s  w ere  tra n sp la n ted  fro m  fo u rth -  o r  f if th -s ta g e  nym phs w hich had 
ju s t  p a sse d  the c r i t ic a l  p e rio d  in to  the iso la te d  abdom en (th o rax  and 
head  rem oved) of fo u rth -s tag e  nym phs, tw en ty -four hours a f te r  feeding. 
T hese an im als  fa iled  to m olt, w hich fa c t show s th a t the b ra in  is  no t the 
so u rce  of the GDH.
6E x p erim en ts  on the hem im etabo lous O rthop te ra  fS c h a rre r , 1946) 
show the sam e re s u lts  as  those  o b se rv ed  in  Rhodnius when the c o rp o ra  
a lla ta  a re  ex tirp a ted . A lso  in  holom etabolous in se c ts  the c o rp o ra  a lla ta  
have the sam e function  and the an im als  show the sam e reac tio n  in  s im i­
la r  stud ies (Bounhiol, 1943). The JH  is  d im in ished  o r absen t in  the 
la s t  la rv a l m o lt so th a t the GDH is  no longer inhib ited  and the im ag in a i 
d iscs  a re  allow ed to d iffe re n tia te  (W igglesw orth, 1954).
In holom etabolous lep id o p te ran s  th e re  a re  th re e  s tru c tu re s  r e ­
sponsib le fo r the ac tiv a tio n  of m olting as w ell as  grow th and d if fe re n ti­
ation; the c o rp o ra  a lla ta , the b ra in , and the p ro th o ra c ic  glands 
(W illiam s, 1947, 1952). The c o rp o ra  a lla ta , w hich a re  p o s te r io r  
p ro je c tio n s  of the b ra in , s e c re te  the JH (W illiam s, 1958). The b ra in  
s e c re te s  a  horm one w hich induces the p ro th o ra c ic  glands to s e c re te  
GDH. The n e u ro se c re to ry  c e lls  (W illiam s, 1951-1952) of the b ra in  
a re  com posed of a  m ed ian  and a  la te r a l  group located  in  the in n er 
m ass  of each  c e re b ra l  lobe of the b ra in . How ever, only the m edian  
group of ce lls  c o rre sp o n d s  to  the p a r s  in te rc e re b ra lis  ce lls  of the 
h em ip te ra n s . The la te r a l  group of c e lls  has not been  d e sc rib e d  in  any 
o ther o rd e r  of in se c ts . In L ep id o p tera , both the m edian  and la te r a l  
groups of neuro s e c re to ry  c e lls  a re  n e c e s sa ry  fo r the p rod u ctio n  of the 
b ra in  horm one. One group of ce lls  w ithout the o th er re n d e rs  the b ra in  
non-functional. The p ro th o ra c ic  glands located  in  the p ro th o rax  s e ­
c re te  the GDH. T hese  s tru c tu re s  d eg en era te  and d isap p ear e ith e r  
befo re  o r  soon a f te r  the m o lt to the adu lt s tage .
In  the la rv a l  s tag es  of the L ep idop tera  the JH  fro m  the co rp o ra  
a lla ta  p rev e n ts  d iffe ren tia tio n  of the im ag inai d isc s  and thus p e rm its  
the re te n tio n  of la rv a l  c h a ra c te rs  un til th a t m om ent when the JH n o r ­
m ally  d im in ish es , allow ing pupation to o ccu r. W illiam s (1950, 1958) 
has shown th a t ex tirp a tio n  of the c o rp o ra  a lla ta  in  a ll  bu t the la s t 
la rv a l  s tag e s  of m oths (P la ty sam ia  cec ro p ia  and T e lea  polyphem us) 
re su lts  in  p reco c io u s  pupation and m e tam o rp h o sis , while rem oval of 
the c o rp o ra  a lla ta  in  the la s t  la rv a l stage p ro d u ces  no such  effect.
A ccord ing  to W illiam s (1952), the lep id o p te ran  b ra in  s e c re te s  
a horm one w hich s tim u la tes  the p ro th o rac ic  glands to re le a se  the 
GDH. When the GDH has reached  a su ffic ien tly  h igh  concen tra tio n  the 
im ag ina i d isc s  d iffe ren tia te  and the la rv a  is  tra n s fo rm e d  into the pupal 
o r  adu lt fo rm . As m entioned p rev io u sly , s e c re tio n  fro m  the c o rp o ra  
a lla ta  seem s to a l te r  the effect of GDH and th e reb y  governs the tim e 
in  the life cycle of the in se c t a t w hich im a g in a l-d isc  d iffe ren tia tio n  
takes p lace .
W illiam s (1950, 1952), experim en ting  w ith P la ty sa m ia  cec ro p ia , 
ligated  the la rv a e  behind the head and again  behind the th o rax  before  
they had spun cocoons. The an im als  lived fo r s e v e ra l  m onths, but 
m etam o rp h o sis  w as com pletely  a r re s te d . The sam e p ro ce d u re  was 
applied  to o th e r la rv a e  ju s t a f te r  the spinning of the cocoons. In  th ese  
an im als  the th o rax es  pupated, but the abdom ens did not. L igations 
done th re e  days a f te r  com pletion of cocoons re su lte d  in  pupation  of
8both the th o ra x  and the abdom en. F ro m  th ese  re su lts  W illiam s co n ­
cluded that: (a) two horm ones a re  needed, and (b) th e re  is  a c r i t ic a l  
p e rio d  fo r each  of these  h o rm o n es. The b ra in  horm one is re le a se d  
fro m  the b ra in  ju s t a f te r  the spinning of the cocoon. T hree  days a f te r  
com pletion  of the cocoon the c r i t ic a l  p e rio d  of the GDH o c cu rs . A fter 
pupation the GDH ac ts  to inh ib it p roduction  of the b ra in  horm one, which 
accounts fo r the p e rio d  of dorm ancy  o r  o v e r-w in te rin g  of th is in sec t.
W illiam s' (1946) experim en ts  have shown th a t i t  is the b ra in  which 
m u st be sub jec ted  to a te m p e ra tu re  of 3 - 5° C. fo r a p e rio d  of one and 
o ne-half m onths before m etam orphosis  can  be com pleted . U nchilled 
pupae w ill not develop fu rth e r  but im plants of b ra in s  from  ch illed  pupae 
w ill induce m etam o rp h o sis  in  unchilled  pupae. A lso, p arab io tic  union 
of an  u nch illed  pupa with a  ch illed  one w ill be follow ed by m etam o rp h o ­
s is  in  both.
The endocrine sy stem s of m em b ers  of two o rd e rs  of the C lass 
In sec ta  have been  d iscu ssed  h e re  because th ese  two in sec ts  have d if fe r ­
ent life cy c les  and both d isp lay  a s im ila r  b a s ic , in tric a te ,h o rm o n a l 
reg u la tio n  of m olting , grow th,and d ifferen tia tion .
Up to the p re se n t tim e th e re  apparen tly  have been no re p o rte d  
stud ies on the m echan ism  of m olting con tro l in  the A rachnida. The 
fac t th a t in  m e m b e rs  of th is group, as in  the In se c ta  and C ru stacea , 
m olting a ffec ts  a ll  p a r ts  of the body sim u ltan eo u sly  suggests som e 
kind of c e n tra l  co n tro l. M oreover, in  a t le a s t  one spec ies  of tick .
O rnithodoros tu r ic a ta , m olting  does not occu r u n le ss  the an im a l has 
fed (Hopla, C. £ . ,  p e rso n a l com m unication; p e rso n a l o b se rv a tio n s); 
and in  an o ther, O. p a rk e r i ,  fu ll engorgem ent is  ap p aren tly  n e c e s s a ry  
to guaran tee  m olting  (D avis, 1941). These o b se rv a tio n s  su g g est th a t 
the m echan ism  by w hich m olting  is  in itia ted  m ay  be s im ila r  to th a t 
found in  the h e m ip te ra n  Rhodnius, as d e sc rib e d  above.
The s tu d ies  on the so ft tick , O rnithodoros tu r ic a ta , w hich a re  
rep o rted  h e re  had the follow ing p u rp o se s : to in v estig a te  the m ech an ism s 
resp o n sib le  fo r the co n tro l of m olting  in  th is  an im al; to a s c e r ta in  
w hether th e re  a re  iden tifiab le  n e u ro se c re to ry  s tru c tu re s  w hich show 
h isto log ic  changes te m p o ra lly  re la te d  to the m olting cycle ; and, in  
p a r t ic u la r ,  to d isco v e r w hether th e re  a re  horm ones o r  n e u ro s e c re to ry  
substances p roduced  in  the b ra in  which have an  influence on m olting .
P re lim in a ry  to studying the effects of ex p e rim en ta l in te rfe re n c e  
on the m olting p ro c e s s , i t  w as n e c e s sa ry  to e s ta b lish  the n u m b er and 
duration  of in s ta r s  under s tan d a rd ized  la b o ra to ry  cond itions, a s  d e ­
sc rib e d  in  C hapter II. M orphologic and h isto log ic  s tu d ies  co n cern ed  
w ith iden tifica tion  of p resu m p tiv e  n e u ro se c re to ry  c e n te rs  and d e tec tio n  
of cyclic  a lte ra tio n s  in  th e ir  ac tiv ity  a re  d e sc rib e d  in  C hap ter III. The 
ligation  ex p erim en ts  (C hapter IV) w ere und ertak en  to d e te rm in e  w hether 
evidence could be found fo r the loca lized  p ro d u ctio n  of a  horm one o r  
horm ones re sp o n sib le  fo r the in itia tio n  of m olting . F in a lly , s in ce  the 
findings re p o rte d  in  C h ap te rs  III and IV in d ica ted  the b ra in  a s  a
10
probable  s ite  of m o lt- in itia tin g  horm one, the effec ts  of im plan ting  
nym phal b ra in s  into ad u lt tick s  w ere  in v estig a ted  (C hapter V).
The sp ec ie s , O. tu r ic a ta , was chosen as the ob jec t of th ese  
investiga tions because  of i ts  av a ilab ility  and because  i t  is  e a s ily  
r e a re d  in  the la b o ra to ry . I t is  ab le  to live fo r an  extended p e rio d  of 
tim e w ithout feeding, and the v a rio u s  in s ta rs  can  be obtained  a t  w ill 
by feeding and w aiting a  few days fo r m olting to o ccu r.
CHAPTER n
L IF E  CYCLE O F ORNITHODOROS TURICATA
M a te ria ls  and M ethods
T icks of the sp ec ie s  O. tu r ic a ta  w ere  obtained fro m  two so u rces  
fo r th is study. One s tr a in  w as provided  by D r. Cluff H opla, U n iversity  
of Oklahom a, N orm an, O klahom a. This s tra in  had been  co llec ted  
fro m  p ra irie -d o g  b u rro w s in  Oklahom a in 1951 and had b een  r e a re d  
in  the la b o ra to ry  since th a t tim e . The o ther s tra in  was donated by 
D r. G ordon E. D avis of the Rocky M ountain L ab o ra to ry , H am ilton, 
M ontana.
The tick s w ere  r e a re d  in  a  c o n s ta n t- tem p e ra tu re  ch am b er a t 
29° C. To p re v e n t d e ss ic a tio n  of the ticks a  sa tu ra te d  a tm o sp h e re  
w as m ain tained  by p lac ing  a  pan  of w ate r in  the ch am b er.
The tick s  w ere  confined to v ia ls  cu t fro m  7 m m . g la ss  tubing 
into 12.5 cm . leng ths. The ends of the v ia ls  w ere  f ire -p o lish e d , then 
s to p p ered  w ith sm a ll wads of ab so rb en t cotton. Cotton w as chosen  as 
su itab le  m a te r ia l  fo r plugging the v ia ls  because i t  allow ed su ffic ien t 
gaseous exchange betw een the in te rn a l and e x te rn a l en v ironm en t of the 
v ia l. To fac ilita te  handling, the v ia ls  w ere held in  wooden rac k s
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(35 cm . long X 3, 75 c m .  wide X 3, 1 cm . high) w hich con tained  tw enty- 
s ix  ho les, each  1 cm . in  d iam ete r.
Guinea-pig blood was the so u rce  of food fo r the tick s . A guinea 
p ig , shaved w ith  an im al c lip p e rs , w as s trapped , v e n tra l s ide up, to a  
p ine plank. A s tr ip  of 2. 5 cm . adhesive  tape was p laced  ju s t  p o s te r io r  
to the fro n t legs and one s tr ip  was p laced  ju s t a n te r io r  to the hind leg s. 
The ends of th ese  s tr ip s  w ere  thum btacked se c u re ly  to the p ine p lank. 
T icks w ere  confined, during feeding, in  the tic k -h o ld e rs  d e sc rib e d  by 
F ra n c is  (1938). The m eta l sc rew -to p  con ta iner u sed  in  th is  study was 
5 cm . in  d ia m e te r . The con ta iner w as fitted  into the c en te r  of a  7. 5 cm . 
adhesive s tr ip  in  which a c irc u la r  a p e r tu re  had been  cut. The adhesive 
tape fitted  snugly  around the flange of the con ta iner, anchoring  i t  f irm ly  
w ith in  the c irc u la r  a p e r tu re . This ap p ara tu s  was p laced  o v er the abdo­
m en  of the guinea pig and thum btacked tigh tly  to the pine p lank . T icks 
th a t w ere  read y  for feeding w ere  p laced  in  the co n ta in er and the  lid  
secu red . A ll tick s  w ere  allow ed to consum e blood to rep le tio n , a t 
w hich tim e they  au tom atically  re le a se d  fro m  the guinea p ig . The fed 
tick s  w ere  then  re tu rn ed  to the p ro p e r  g lass  v ials and re p laced  in  the 
co n s ta n t- tem p e ra tu re  cham ber.
Adult tick s  w ere  fed and sexed . A m ale and fem ale w ere  confined 
to each of s e v e ra l  g lass  v ials fo r es tab lish m en t of a  tick  colony. R ec ­
o rd s  w ere  kep t on the tim e n e c e s sa ry  fo r the ticks to  feed  to rep le tio n , 
the tim e re q u ire d  for egg laying and hatching, the days re q u ire d  fo r
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each in s ta r  to m o lt a f te r  feeding, and the num ber of m o lts  p reced in g  
sexual m a tu rity .
R esu lts
D ata on the tim e span  in  days betw een egg laying, hatching, 
feeding and m olting in  O. tu r ic a ta  a re  p re se n te d  in  T able 1.
TABLE 1
LIFE CYCLE OF ORNITHODOROS TURICATA
Condition Range (Days)
Adult feeding to egg laying 7 - 1 4
Egg laying to hatching 7 - 1 3
F i r s t  feeding to m o lt 5 - 7
Second feeding to m olt 5 - 9
T h ird  feeding to m o lt 8 - 1 1
F o u rth  feeding to m olt 10 - 13
F ifth  feeding to m o lt 11 - 15
The feeding tim e fo r  O. tu r ic a ta  was fifteen  to tw enty m inutes 
fo r the e a r l ie r  in s ta r s  and th ir ty  to six ty  fo r la te r  s tag e s . T hese tick s  
m olted  five tim es b efo re  a tta in ing  sexual m a tu rity . I t  w as observ ed  
th a t the p e rio d  betw een feeding and m olting in  th is  tic k  lyas lengthened 
when e ith e r  te m p e ra tu re  o r  hum idity  was d e c re a se d . U nder the r e a r ­
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ing conditions of th is  ex p erim en t the  life  cycle , fro m  egg to adult, was 
app rox im ate ly  two and one -half m onths.
CHAPTER ni 
MORPHOLOGIC AND HISTOLOGIC OBSERVATIONS
M a te ria ls  and Methods 
The following techniques w ere  em ployed to a s c e r ta in  ho rm onal 
function in  m olting. F i r s t ,  m orpho log ical and h is to lo g ica l s tu d ies  w ere  
m ade to d e term in e  the p o ss ib le  s ite  of a  horm one s e c re tio n . A few 
tick s  of the th ird - in s ta r  w ere  fixed in  B ouin 's solu tion  befo re  feeding. 
The rem ain ing  sib lings w ere  fed  to rep le tion  and a few of th e se  e n ­
gorged tick s  w ere fixed on su cc e ss iv e  days through the p e r io d  of m olt. 
T icks th a t w ere  fixed in  B ouin’s solution fo r tw enty-four h o u rs  w ere  
tr a n s fe r re d  d ire c tly  to 80% ethanol (Foot, 1933). The p re s e rv e d  ticks 
w ere  taken  through the ethanols to m ethyl sa licy la te , th rough  a  m ush 
of m eth y l sa licy la te  and p a ra ffin , and then im bedded in  p a ra ff in . S e ria l 
sec tions w ere  cut a t eight m ic ra . T hree  s ta in s  w ere  used : M a llo ry 's  
tr ip le  co n n ec tiv e-tissu e  s ta in , G o m o ri's  ch rom e-hem atoxy lin -ph lox in  
s ta in  and H a r r is ' hem atoxylin  s ta in . M allo ry 's  tr ip le  co n n ec tiv e -tissu e  
s ta in  gave the b e s t re su lts  fo r c e llu la r  d ifferen tia tion .
A pproxim ately  150 tick s  w ere  sectioned  and s ta in ed  by one o r  
ano ther of the above m entioned  s ta in s . The m a jo rity  of th e se  ticks
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w ere in  the th ird  -in sta r. H ow ever, a  few adults and se c o n d -in s ta r  
nymphs w ere  a lso  p re p a re d  fo r h is to lo g ica l com parison . A ll s tru c tu re s  
w ithin the tick s  w ere ca re fu lly  stud ied  and any h isto lo g ica l changes 
which o c c u rre d  a f te r  feeding and p reced in g  ecdysis w ere noted.
The p r im a ry  purpose fo r using  the th re e  aforem entioned  s ta in s  
in  th is ex p e rim en t was to reduce the p o ss ib ility  of sta in ing  a r t ifa c ts  in  
the suspected  endocrine organ, the b ra in . M allo ry 's  tr ip le  co n n ec tiv e- 
tissu e  s ta in  gave the b es t c la r ity  and d ifferen tia tion  and w as th e re fo re  
chosen to be u sed  co n sis ten tly  in  the stain ing  p ro ced u re . Thus the 
m a jo rity  of h is to lo g ica l observations w ere  based  upon p re p a ra tio n s  
m ade w ith th is  s ta in .
R esu lts
In the liv ing O. tu ric a ta  the b ra in  is  a white sp h ero id a l s tru c tu re  
s ligh tly  fla tten ed  d o rso v en tra lly , and is  approx im ate ly  320 to 350 m ic ra  
in  length as d e te rm in ed  by s e r ia l  sec tio n  m easu rem en t. It is  located  
im m ed ia te ly  caudal and v e n tra l to the hypopharynx. The b ra in  (F ig u res  
1, 3, 4) su rro u n d s  the esophagus; the la t te r  p ro g ress in g  obliquely  
through the b ra in , fro m  a v e n tra l-a n te r io r  position  through the m id ­
line of the b ra in  to a d o rsa l-p o s te r io r  p osition  w here i t  e m e rg e s .
H isto log ica l study of the b ra in  rev ea ls  that it  is  com posed  of two 
d ifferen t types of tissu e  (F igure 2). The in n erm o st p o rtio n  is  c o m ­
posed  of a  com pact fib rous m a ss , the neurop ile , which in  tu rn  is
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su rrounded  by la rg e  ganglionic c e lls  w ith  deeply s tain ing  nu c le i as 
shown in  F ig u re  4. The en tire  b ra in  and nerve  trunks a re  sheathed  in  
a n eu rilem m a w hich a lso  in v ests  th a t p o rtio n  of the esophagus w hich 
p a sse s  th rough  the b ra in .
By fixing tick s  before  and on su ccess iv e  days a f te r  feeding, a  
tim e -g ra d e d  s e r ie s  w as p re p a re d  fo r study of p o ssib le  h is to lo g ica l 
changes in  the p e r ip h e ry  of the b ra in  w hich m ight be a sso c ia te d  w ith 
s to rage  and s e c re tio n  of a  ho rm onal agen t. The nuclei of the ganglionic 
ce lls  of seco n d - and th i rd - in s ta r  tick s  p re p a re d  th ree  to four w eeks 
a f te r  m olting  w ere  basoph ilic . H ow ever, these  nucle i w ere  acidophilic  
in  ticks th a t w ere  fixed im m ed ia te ly  a f te r  feeding and the acidophilic  
condition p e r s is te d  in  the b ra in  of tick s  th a t w ere  fixed a t in te rv a ls  up 
to four and five days a f te r  feeding. A fte r th is  tim e lapse , s c a tte re d  
basophilic  nucle i began to re a p p e a r . T h e re  was a  g rad u a l d e c re a se  in  
the num ber of acidophilic  nuclei w hich p a ra lle le d  the p ro g re s s  of e x ­
uviation. F in a lly ,th e re  was com plete d isappearance  of acidophils and 
the nuclei again  becam e basoph ilic . A dult ticks tha t w ere  p re p a re d  
fo r h is to lo g ica l study w ithout having been  fed p r io r  to fixation  rev ea led  
basophilic  nucle i of the b ra in  ju s t  as  had the second and th ird  in s ta r s  
p re p a re d  u n d er the sam e conditions. A dult ticks fixed one to two days 
a f te r  having been  fed fa iled  to show assu m p tio n  of the acidophilic  
n u c lea r condition and the nucle i rem a in ed  b asoph ilic . No h is to lo g ica l 
change was o b se rv ed  in  the b ra in s  of adu lt ticks under the s ta ted
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conditions com parab le  to th a t w hich o c cu rred  in  the second and th ird  - 
in s ta r s .  No h isto lo g ica l change w as observed  in  the n eu rop ile  t is su e  
of the b ra in s  of any of the tick s  under observation .
M inute, i r r e g u la r ly  shaped, acidophilic g ranu les  w ere  o b se rv e d  
in  the hem olym ph of one group of th ird - in s ta r  ticks th a t had b een  fixed 
for h is to lo g ica l study. T hese g ranu les  appeared  in  the hem olym ph of 
ticks th a t had been fixed two, th re e , four and five days a f te r  feeding. 
The g ran u le s  w ere  observ ed  in  th a t p o rtio n  of the a o r ta  w hich com es 
into con tact w ith the a n te r io r  p o rtio n  of the b ra in .
CHAPTER IV 
LIGATION EXPERIMENTS
M ate ria ls  and M ethods 
The technique of lig a tio n  w as em ployed in  an e ffo rt to d e term in e  
w hether h o rm onal function was resp o n sib le  fo r m olting. The lig a tu re s  
in  these  ex p erim en ts  w ere  teased  fro m  a v e ry  fine nylon th re a d  and 
w ere thoroughly coated  w ith  beesw ax. A to ta l of over 300 second-, 
th ird - , and fo u r th - in s ta r  ticks w as ligated  ju s t  behind the b ra in  a re a  
on su ccessiv e  days a f te r  feeding. In each of s e v e ra l ex p erim en ts , six  
to ten  tick s  fro m  the sam e sibling group w ere  se t asid e  fo r co n tro ls , 
and the rem ain ing  tick s  w ere  ligated  as d esc rib ed . C ontro ls and ligated  
ticks w ere  o b serv ed  daily  fo r signs of exuviation (whitening of the in ­
tegum ent, sp litting  of the a n te r io r  integum ent, and shedding of the 
cas t). The num ber of days betw een ligation  and m olting (if i t  o ccu rred ) 
was reco rd ed . A few tick s  by acciden t w ere  ligated  im m ediate ly  
behind the fo u rth  p a ir  of leg s.
R esu lts
If the lig a tu re  w as suffic ien tly  binding, the suspected  b ra in  
horm one would be iso la ted  in  the a n te r io r  reg io n  and m olting should
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occur only in  th a t reg io n . Table 2 su m m arizes  the re su lts  of tick  
lig a tio n s .
TABLE 2 
SUMMARY OF TICK LIGATIONS
C ategory
No. of 
T h ird  
In s ta r
P e r
Cent
No. of 
F o u rth  
In s ta r
P e r
Cent
T o ta l liga ted 72 68
L o st lig a tu re 3 0
Died 28 22
F a iled  to m o lt 0 11
M olted a n te r io r  
to lig a tu re 8 19.5 11 31 .4
M olted com plete ly 25 61.0 17 4 8 .6
Com plete m olt. 
L igated a f te r  
c r i t ic a l  p e r io d
8 19.5 7 20. 0
T otal No. of ticks 
th a t m olted 41
100.0
35
100.0
The p e rcen tag es  in  th is  tab le exclude those ticks th a t died, lo s t th e ir  
lig a tu re  o r  had fa iled  to m olt (P la te  II; F ig u re  11) by the tim e a l l  
con tro ls  had m olted .
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The c r i t ic a l  p e r io d  o r the p e r io d  of su ffic ien t horm one c i r c u ­
la ting  in  the tic k  h as not been  conclusive ly  d em o n stra ted  a t  th is  tim e . 
H ow ever, the lig a ted  tick s  showed no ind ications of exuviation  un til 
the fo u rth  o r  seven th  day a f te r  feeding. T hese o b se rv a tio n s  ind icate  
th a t the c r i t ic a l  p e r io d  fo r th ird - in s ta r  tick s  w as p e rh a p s  betw een four 
to s ix  days a f te r  feeding and fo r the fo u r th - in s ta r s ,  five to seven  days 
a f te r  feeding  (See Appendix). Inasm uch  as i t  w as n e c e s s a ry  to rem ove 
th ese  tick s  fro m  the cons ta n t- te m p e ra tu re  ch am b er da ily  fo r o b s e r ­
v a tions, thus changing the env ironm enta l conditions, the m olting  tim e 
fo r the tick s  w as in c re a se d  by one to th re e  days o v er the n o rm a l 
p a tte rn  shown in  T able 1. T h e re fo re , the " c r i t ic a l  p e rio d "  ca teg o ry  
in  Table 2 is  a  p re su m p tiv e  one. N or was i t  p o ss ib le  to be c e r ta in  
w hether com plete  m olting  o c c u rre d  because  of incom plete  ligation  o r , 
in  sp ite  of e ffective  ligation , because the c r i t ic a l  p e r io d  had been  
reach ed .
T h ird -  and fo u r th - in s ta r  tick  ligations re su lte d  e ith e r  in  m olting 
a n te r io r  to the lig a tu re  only (P late  II; F ig u re s  6, 7, 8); in  com plete 
m olting (P la te  II; F ig u re s  12, 13) of the tick ; o r  in  no m olting  a t  a ll  
(P la te  II; F ig u re  11), None of these  ex p e rim en ta l an im als  m olted  
p o s te r io r  to the lig a tu re  w ithout having f i r s t  m o lted  in  the a n te r io r  
reg ion . Of the th ird - in s ta r  tick s  ligated , 19.5 p e r  cen t m olted  only 
in  the a n te r io r  reg io n  and of the fo u rth  in s ta r s  liga ted , 3 1 .4  p e r  cen t 
m o lted  only  in  the a n te r io r  reg ion . Those tick s  th a t w e re  acc id en ta lly
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lig a ted  behind the fo u rth  p a ir  of legs m olted  and lo s t the p o s te r io r  end 
of the body with c a s t  (P la te  II; F ig u re s  9 and 10). Although seco n d - 
in s ta r  tick s  w ere ligated , they  seem ingly  w ere  too de lica te  to w ith ­
stand  the tra u m a  of the lig a tu re  and n e a rly  a l l  fa iled  to su rv iv e  long 
enough to y ield  s ig n ifican t in fo rm ation .
CHAPTER V 
TRANSPLANTATION EXPERIMENTS
M a te ria ls  and Methods 
To fu r th e r  e s ta b lish  horm onal co n tro l of m olting , the su sp ec ted  
endocrine o rgan , the b ra in , was tran sp lan ted  fro m  th i r d - in s ta r  tick s  
which had been  fed 48 to 72 hours p r io r  to the opera tion , into adu lts  
which had been  fed 24 h o u rs  p rev iously .
The p ro c ed u re  fo r tran sp lan tin g  was as follow s: a  p iece  of m a s k ­
ing tape w ith the adhesive side exposed was taped  to a  g la ss  s lid e . The 
g lass  s lide  se rv e d  as an  o p era ting  board  and fa c ilita te d  handling. The 
tick  to be s a c rif ic e d  w as p laced  v en tra l side up on the adhesive p o rtio n  
of the tape , and the s lid e  w ith  the adhering  tick  was p laced  u nder a 
d issec tin g  m ic ro sco p e . W ith irid ec to m y  s c is s o rs ,  a  m id -v e n tra l 
in c isio n  w as m ade a t the junction  of the f i r s t  p a ir  of legs in  the donor 
( th ird - in s ta r)  tick . A sm a ll bo re  g lass  p ipette  (approx im ately  the 
d iam ete r of the b ra in ) w ith  a  ru b b er tube a ttached  w as u sed  to a s p ira te  
away the body flu id  and expose the b ra in . In sec t R in g e r 's  so lu tion  
was u sed  to keep a ll  exposed  tis su e  m oist. The adu lt tick  to re c e iv e  
the tra n sp la n t w as p laced , v en tra l side exposed, ju s t  besid e  the donor
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tick . One of the fo u rth  p a ir  of legs was cut off c lose  to the body.
Fine pointed w a tch -m ak e rs  fo rcep s  was u sed  to tra n sp la n t the b ra in  
fro m  the th ird  in s ta r  into the opening p rov ided  by ex cisio n  of the leg 
of the adult re c ip ie n t. The b ra in  w as a s s is te d  into the body cav ity  of 
the adu lt tick  w ith the f ire -p o lish e d  end of a tiny  g lass  rod  about the 
d iam ete r of the b ra in . The body fluid of the adu lt tick  c lo tted  rap id ly , 
closing  the opened stum p of the leg . T h ree  o r  four b ra in s  w ere  t r a n s ­
p lan ted  into each  ad u lt tick .
M ultiple tra n sp la n ts  w ere  m ade fo r two rea so n s : (1) som e ticks 
do not m olt a f te r  feeding and i t  was fe a re d  tha t som e of the donor 
b ra in s  would not have been p ro p e r ly  s tim u la ted  fo r ho rm onal sec re tio n , 
and (2) to be a s su re d  of getting a t  le a s t  one b ra in  p ro p e r ly  im plan ted  
since these  b ra in s  a re  ex trem e ly  sm a ll and v e ry  d ifficu lt to see  even 
w ith the aid  of a d issec tin g  m ic ro sco p e .
A dult ticks w ere  fed 24 h o u rs  p r io r  to the o p era tio n  since i t  was 
fe lt th a t they would be in  b e tte r  n u tritio n a l condition to rece iv e  the 
tra n sp la n ts . A lso, the in c re a se d  s ize  fro m  engorgem ent fac ilita ted  
opera tive  p ro c e d u re s .
To p rov ide co n tro ls  fo r  th is  ex p erim en t, sham  o p era tions w ere  
p e rfo rm ed  on ad u lt ticks by rem oving one of the fou rth  p a ir  of legs 
c lose  to the body. The tip of the g lass  rod  w as gen tly  fo rced  in  and 
out of the in c isio n  in  o rd e r  to s im u la te  the in se r tio n  of the b ra in  into 
the body cavity .
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The ex p e rim en ta l ad u lt tick s  rece iv ing  b ra in  tra n sp la n ts  fro m  
the th i rd - in s ta r  tick s  and the sham  o p era ted  co n tro l tick s  w ere  r e ­
p laced  into a p p ro p ria te ly  labeled  v ia ls  and re tu rn e d  to the co n s tan t- 
tem p era tu re  ch am b er.
Seven to fo u rteen  days la te r  the ex p erim en ta l and co n tro l a n i­
m a ls  w ere  rem oved  fro m  the co n s ta n t- te m p e ra tu re  ch am b er and 
allow ed to feed  on guinea-pig blood, since m olting  in  the ex p erim en ta l 
an im als  w as dependent upon w hether they fed a t  th is  tim e .
R esu lts
B ecause of the paucity  of adu lt ticks only a  few b ra in  tra n sp lan ts  
w ere  fe a s ib le . The f i r s t  s e r ie s  of tra n sp lan ts  w as m ade on Ju ly  25, 
1959. T h ird - in s ta r  tick s  had been  fed on the 23rd  of Ju ly  and th ree  
adu lts  (two fem ales  and one m ale) had been fed on the 24th of July.
The following day the tra n sp la n ts  w ere  m ade into the ad u lts , and on 
A ugust 1, 1959, th ese  o p era ted  adults w ere  fed again . T hese tick s  fed 
read ily , w hich w as p o ssib ly  due to the fac t that a  g re a t am ount of body 
flu id  w as lo s t during  the o p era tio n . N orm ally , tick s  of th is  stage w ill 
not feed  so soon a f te r  having had a  blood m eal. A ll of th e se  adu lt ticks 
shed  th e ir  c a s ts .  One tic k  m olted  24 days a f te r  the la s t  feeding; one 
m olted  app ro x im ate ly  35 days a f te r  the la s t  feeding and the la s t  tick  
to m olt, a  m ale , shed  i ts  c a s t  61 days a f te r  the la s t  blood m ea l. Both 
of the m olted  fem ale  tick s  p roduced  n o rm a l c lu tch es  of eggs.
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The second  s e r ie s  of tra n sp la n ts  was m ade on S ep tem ber 20, 
1959. T h ird -in s ta r  ticks w ere fed on the 18th of S ep tem ber and four 
adult m ale tick s  w ere  fed on the 19th of S ep tem ber. The following 
day b ra in s  w ere  tra n sp lan ted  into these  ad u lts . D uring the o p era tio n  
v e ry  little  body flu id  was lo s t fro m  these ad u lts . Two of th ese  o p e r ­
ated  ticks d ied and the rem ain ing  two w ere  p laced  on a guinea pig fo r 
feeding on the 28th of S ep tem ber, but they did not feed a t th is  tim e. 
T hese tick s  w ere  again  p laced  fo r feeding on O ctober 7th. One an im al 
p a r tia lly  fed; none m olted.
The th ird  s e r ie s  was o p era ted  on N ovem ber 12, 1959. The th ird - 
in s ta r  ticks w ere  fed on the 10th of N ovem ber and the adu lts (two 
fem ales and one m ale) w ere  fed on the 11th of N ovem ber. V ery  little  
body fluid w as lo s t from  th ese  tick s  as a consequence of the o p era tio n s. 
A ll o p era ted  tick s  lived and w ere  allow ed to feed  again  on N ovem ber 25, 
1959, but they did not feed a t th is tim e. F eeding  w as tr ie d  ag ain  on 
D ecem ber 17th and a t  th is tim e a ll  th re e  adu lts fed to rep le tio n  and 
w ere rep laced  in  the c o n s ta n t- tem p era tu re  cham ber fo r fu r th e r  o b s e r ­
vations. D uring the tim e lapse p reced in g  the la s t  feeding the fem ales 
p roduced one o r  two n o rm a l c lu tches of eggs. These o p era ted  adu lts of 
the th ird  s e r ie s  have not m olted to date (A pril I960).
F ive ad u lt tick s  (two m ales  and th re e  fem ales) th a t rece iv ed  
sham  o p era tions a t  the tim e the second s e r ie s  of ex p erim en ta l an im als 
was o p era ted  have been fed s e v e ra l tim es . None m olted: th re e  died.
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It w as o b serv ed  th a t ticks w hich had lo s t the m a jo rity  of th e ir  
body fluid during  the o p era tio n  and s t i l l  su rv ived  w ere  likely  to feed 
sooner a f te r  the o p era tio n  than those  which did not lo se  a lo t of body 
fluid. H ow ever, those tick s  which did not lo se  a lo t of body fluid s u r ­
vived the o p era tio n  b e tte r .  A lso w ith a loss of body fluid th e re  is  m o re  
availab le  space fo r tra n sp lan ted  b ra in  tissu e  and thus b e tte r  a s su ra n c e  
th a t any p re s s u re  ex e rted  on the body of the tick , when being handled 
im m ed ia te ly  a f te r  the operation , would not acc id en ta lly  fo rce  the 
tra n sp lan ts  through the clo tted  hem olym ph a t the s ite  of the in c isio n .
CHAPTER VI
DISCUSSION
In th is  study  i t  w as o b serv ed  th a t the life  cycle of O. tu r ic a ta  
tick s v a ried  w ith te m p e ra tu re  and hum idity . In c re a se d  te m p e ra tu re  
hastened  m olting  and d e c re a se d  te m p e ra tu re  had the opposite  e ffec t 
on th is p ro c e s s . A d e c re a se  in  hum idity seem ed  to in c re a se  th e  
length of tim e re q u ire d  betw een feeding and m olting . U nder the co n ­
ditions of th is  ex p erim en t, the life cycle of th is  sp ec ie s , fro m  egg 
through five nym phal s tag e s  to adult, was app ro x im ate ly  two and one- 
half m onths. T hese  findings a re  com parab le  to those re p o rte d  by 
F ra n c is  (1938), D avis (1941, 1943), H erm s and W heeler (1936).
F ra n c is  (1938) re p o rte d  that under n o n -reg u la ted  la b o ra to ry  co n ­
ditions the life cycle  of O. tu r ic a ta  from  egg to adu lt re q u ire d  a  p e rio d  
of nine m onths and  ten  days. The num ber of nym phal s tag e s  w as, in  
som e c a se s , fo u r, and in  o th e rs , five. The longevity  of th ese  tick s  
ranged fro m  five and o n e-h a lf to six  and o n e-h a lf y e a r s .  H ow ever, 
when kept a t n o rm a l room  hum idity  the ticks live only a  few w eeks to 
a few m onths. S u rv iv a l tim e  m ay be in c re a se d  by keeping the tick s  in  
m o istu re  ch am b ers  s a tu ra te d  w ith am m onium  ch lo rid e .
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D avis (1941, 1943) has a lso  studied  the life h is to r ie s  of two 
sp ec ie s  of tick s, O. n ic o lle i and O. p a rk e r i ,  kept in  hum idity  j a r s  a t  
room  te m p e ra tu re . O bservations showed th a t h ig h er te m p e ra tu re s  
h as ten ed  m olting and low er te m p e ra tu re s  delayed  i t .  He re p o rte d  
(1941) th a t O. p a rk e r i  nym phs w hich w ere only p a r t ia lly  engorged  m ay 
m o lt re g u la rly  o r  they  m ay  fa il  to m o lt un til engorgem ent has tak en  
p la c e . This la t te r  a lte rn a tiv e  is  com parab le  w ith the re s u l ts  
W igglesw orth  (1934) found in  p a r t ia lly  engorged Rhodnius.
The life cycle of O. h e rm s i has been in v estig a ted  by H erm s and 
W heeler (1936). When th ese  tick s  a re  kept a t  a  constan t te m p e ra tu re  
of 24° C. and a re la tiv e  hum idity  of 90%, the incubation  period, fo r  the 
eggs is  fifteen  to tw enty-one days; the f i r s t  m o lt m ay o ccu r w ith in  
the egg, but the la rv ae  rem a in  hexapod un til a f te r  the f i r s t  feeding and 
m o lt. The la rv ae  a re  read y  to feed  about th ree  days a f te r  hatch ing  
and rem a in  a ttached  fo r th ir ty  to s ix ty  m inutes befo re  re le a s in g . The 
tim e  re q u ire d  fo r each  nym phal in s ta r  to m olt v a r ie s  w ith the in s ta r .  
U sually  the e a r l ie r  in s ta r s  re q u ire  few er days u n til m olting  o cc u rs  
than  do la te r  in s ta r s .  M olting takes p lace about fifteen  days a f te r  the 
f i r s t  feeding; e leven  to fifteen  days a re  req u ire d  fo r ticks to m o lt a f te r  
the second feeding; ten  to th irty -tw o  days a re  req u ire d  fo r the fo u rth  
m olt (th ird  nym phal in s ta r ) .  A t th is  tim e the adu lt m ay a p p e a r , but 
u su a lly  a fifth  feeding and m olt a r e  n e c e s sa ry  before sexual m a tu rity  
is  reach ed . Egg laying begins about th ir ty  days a f te r  the la s t  m o lt.
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A lto g eth er, the life  cycle of th is  spec ies  of tick  re q u ire s  about four 
m onths under lab o ra to ry  conditions, as m entioned above.
T icks of the spec ies  O. tu r ic a ta  lend th em selv es w ell to endo­
c rin e  s tu d ies  of m olting because  they  a re  e a s ily  and conveniently  
re a re d  in  the lab o ra to ry . They a re  able to live fo r an extended p e rio d  
of tim e w ithout feeding and v ario u s  in s ta rs  can  be m ade ava ilab le  by 
feeding and w aiting a few days fo r m olting to occu r.
F ro m  h isto lo g ica l s tu d ies , only the b ra in  seem ed  to show a d e f i­
n ite  h is to ch em ica l change c o r re la te d  with exuviation. The h is to ch em ica l 
change w as re s tr ic te d  to the nucle i of these  c e lls . The change of the 
ganglionic nuclei fro m  the fasting  basophilic  condition to the p o s t- fe e d ­
ing acidophilic  condition is  rap id  and s trik in g . This s e c re to ry  cycle, 
p a ra lle lin g  the phenom enon of exuviation, suggests  th a t the  b ra in  is  
som ehow  involved in  the m olting  p ro c e s s .
W igglesw orth (1934) re p o rts  cyclic  changes in  the co rpus a lla tum  
in  a  s im ila r  tim e-g rad ed  s e r ie s  of h isto lo g ica l o b serv a tio n s  on Rhodnius 
p r io r  to and subsequent to feeding. Cyclic s e c re to ry  ac tiv ity  in  the 
corpus a lla tu m  of som e O rth o p te ran  la rv ae  has been re p o rte d  by Cazal 
and G u e rr ie r  (1946) but th ese  au th o rs  do not re la te  the cycle to p h y s i­
ologic events o r  to feeding. W igglesw orth (1940) noted la rg e  ce lls  w ith 
fuchsinophil inclusions in  the b ra in  of fo u rth -s tag e  Rhodnius nym phs 
fixed befo re  and s ix  days a f te r  feeding (at the height of s e c re tio n  of the 
m olting horm one) but could d e te rm in e  no d ifference betw een the ce lls  
of the fastin g  and fed in se c ts .
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Thus the h isto lo g ica l o b serv atio n s, rep o rted  in C hapter III, of 
n e u ro se c re tio n  and a  n e u ro se c re to ry  cycle s im ila r  to those in  o rgans 
which have been  d em o n stra ted  by o th ers  to have endocrine functions, 
support the assum ption  th a t the b ra in  of O. tu r ic a ta  p ro d u ces  a  
se c re tio n  w hich is  somehow concerned  w ith  m olting.
The re su lts  of the ligation  experim en ts  ind icate  the p roduction  
of a  substance involved in  m olting which can  be iso la ted  to the a n te r io r  
p o rtio n  of the body. T h erefo re , the s ite  of the o rgan  se c re tin g  th is 
ec d y s is-s tim u la tin g  substance is  obviously in  the a n te r io r  reg ion  since 
sufficiently  binding lig a tu re s , m ade ex trem ely  e a r ly  in  the m olting 
cycle, re su lte d  in  m olting in  the a n te r io r  reg ion  only. Since the 
horm one could be iso la ted  a n te r io r  to the second p a ir  of legs of the 
tick , and because  the g re a te s t  p o rtio n  of the b ra in  is  located  betw een 
the f i r s t  and second p a ir  of legs and was the only o rgan  to show a d e f i­
nite h is to ch em ica l change, th is s tru c tu re  was concluded to be a p o ssib le  
site  of horm one sec re tio n .
Since guinea-p ig  blood was the sou rce  of food fo r the tick s  u sed  
in  the exp erim en ts  rep o rted  h e re , the p o ss ib ility  o cc u rred  to the au thor 
that a  substance o r  substances, c ircu la tin g  in  the v a scu la r sy stem  of 
the food so u rce , could d ire c tly  affec t ecdysis in  the tick . G ilb e rt and 
S chneiderm an (1958) have rep o rted  tha t the a d ren a l co rtex  of v e r te ­
b ra te s  has a  s te ro l- lik e  substance with juvenile horm one ac tiv ity .
If som e substance in  guinea-pig  blood w ere  effecting ecd y sis  one
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would expect engorged and lig a ted  tick s  to m olt co m p le te ly  ra th e r  than 
to m o lt a n te r io r  to the lig a tu re . Since i t  was o b se rv ed  in  th is  e x p e r i­
m en t th a t binding lig a tu re s  re su lte d  in  m olting in  the a n te r io r  reg io n  
alone, the p o ss ib lity  of a c ircu la tin g  v ascu la r  e c d y s is -s tim u la tin g  
substance  fro m  guinea-pig  blood w as ru led  out. A lso, if such  a  
substance w ere  in  the food so u rce , one m ight expect engorged , adu lt 
ticks to m o lt a f te r  feeding, but they do not. It was o b se rv ed  th a t 
p a r t ia lly  fed  tick s  do not m o lt. One m ight su sp ec t th a t a  p a r t ia lly  
engorged tic k  would m olt if the m olting  ac tiv a to r w ere in  the food 
so u rce  u n le ss , of co u rse , th e re  w as an  in suffic ien t am ount of the 
a c tiv a to r  su b stan ce . H ow ever, the m o st p lausib le  explanation  fo r th is 
n o n -co n fo rm ity  was in su ffic ien t s tre tch in g  of the abdom en. M olting 
does not o c cu r in  Rhodnius, the blood-sucking h em ip te ran , u n le ss  i t  is  
engorged . W igglesw orth (1934) p re se n ts  evidence th a t d is ten tio n  of 
the abdom en is  e s se n tia l fo r  re fle x  stim u la tion  of the n e u ro se c re to ry  
ce n te r  of the b ra in .
F ro m  the re su lts  obtained in  th ese  experim en ts i t  is  ev iden t th a t 
ho rm onal c o n tro l is involved in  the m olting p ro c e ss  of O. tu r ic a ta . 
F ro m  m y own observations and those  rep o rted  in  the l i te ra tu re ,  i t  is  
defin ite ly  e s ta b lish ed  th a t m olting  o ccu rs  in  the nym phal s ta g e s  only, 
and, excep t fo r  the f i r s t  m olt, ecdysis  occu rs  only a f te r  a  blood m ea l 
of su ffic ien t quantity  to s tre tc h  the abdom en; a lte rn a t ' e ly , s in ce  the 
esophagus p a s s e s  through the b ra in , i t  is  p o ssib le  th a t su ffic ien t food
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in  th is  tubu lar s tru c tu re  would re su lt  in  p r e s s u re  d ire c tly  ag a in s t the 
b ra in  which m ight s tim u la te  i t  to s e c re to ry  ac tiv ity .
The data  on b ra in  tran sp lan tin g  a re  sp a rse , p r im a r i ly  because 
few adult ticks w ere  av ailab le  and m o rta lity  during  and following the 
opera tions w as v e ry  high. N ev erth e less , the re su lts  of the exp erim en ts  
ind icate  that the b ra in  is  the sou rce  of a  horm one involved in  the m olting  
p ro c e s s . I t is  e n tire ly  p o ssib le  th a t th is  horm one is  the sam e a s , o r 
s im ila r  to, e ith e r the GDH o r JH found in  in se c ts . H ow ever, o ther 
experim en ts  w ill have to be undertaken  to  e s ta b lish  i ts  iden tity .
P e rh a p s , in  the tick , the b ra in  s e c re te s  a  horm one which s tim u ­
la te s  an o th er gland to s e c re te  a  substance involved in  m olting  and 
m etam o rp h o sis . I t  is  p o ssib le  that the sa liv a ry  glands of the tick  could 
be the sou rce  of such  a  ho rm onal substance in  add ition  to th e ir  a lre a d y  
es tab lish ed  function of se c re tin g  an enzym e w hich p rev en ts  coagulation  
of h o st blood a s  the tick  feeds.
In in sec ts  the sequence of events in  ho rm onal reg u la tio n  of m olting 
is : the b ra in  horm one s tim u la tes  the p ro th o ra c ic  glands to s e c re te  GDH. 
This substance not only b rin g s  about im ag in ai d iffe ren tia tio n  but effects 
te rm in a tio n  of the b ra in  horm one se c re tio n  and s tim u la te s  re le a se  of 
JH fro m  the c o rp o ra  a lla ta . The JH, in  tu rn , inh ib its m e tam o rp h o sis .
In the la s t  la rv a l s tage  the JH is  e ith e r insu l'ficien t o r  absen t, thus 
allowing the adult c h a ra c te r s  to ap p ear. P e rh ap s  in  the tick  th e re  is  a  
s im ila r  sequence of even ts .
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W igglesw orth  (1959) has p ro p o sed  ano ther th eo ry  fo r m olting 
and m etam o rp h o sis  in  in se c ts . He suggests th a t p e rh a p s  the juvenile 
horm one is  a  sim ple ch em ica l substance w hich d e te rm in e s  whether the 
enzym es resp o n sib le  fo r the developm ent of la rv a l  c h a ra c te r s  w ill be 
ac tiv e . He reasonably  a ssu m e s  tha t enzyme p ro d u c tio n  is  con tro lled  
by ap p ro p ria te  genes, and th eo riz e s  tha t JH, w hen p re s e n t  in  quantity, 
could ac tiv a te  the gene-enzym e sy stem  of the la rv a . As JH d im in ishes, 
the pupal gene-enzym e sy s te m  would a s s e r t  its e lf , and in  the absence 
of the horm one, the gene-enzym e sy stem  of the ad u lt would becom e 
a c tiv e .
I t is  not y e t p o ssib le  to say  ju s t how m olting  and m etam orphosis  
in  the tic k  is  horm onally  regu la ted .
CHAPTER V n 
SUMMARY
An a ttem p t was m ade to determ ine w hether a  horm one is  involved 
in  the m olting p ro c e ss  of the soft tick, O rn ithodoros tu r ic a ta  D uges. An 
e s tim a ted  3000 ticks w ere  u sed  in  developing ex p erim en ta l techniques 
and co llecting  data.
T icks w ere  re a re d  in  a  c o n s ta n t-tem p era tu re  cham ber a t  29°C. 
U nder the lab o ra to ry  conditions of th is ex p e rim en t the life cycle of 
O. tu r ic a ta , fro m  egg to adult is  app rox im ate ly  two and one-half 
m o n th s .
I t m ay be concluded that:
(1) th e re  is  a  definite h istochem ical change in  the gang li­
onic ce lls  of the p e rip h e ry  of the b ra in  of nym phal tick s , 
subsequent to feeding, which p a ra l le ls  exuviation. This 
sam e h istochem ical change is  not o b se rv ed  in  adu lt tic k s .
(2) by use of lig a tu re s , m olting can  be re s t r ic te d  to th e  
a n te r io r  reg ion  of the tick . T h e re fo re , the p resu m p tiv e  
horm one is  produced in  the a n te r io r  end of the tick .
(3) i t  is  p o ssib le  to induce a su p e rn u m e ra ry  m olt in  the 
adult tick  by transp lan ting  nym phal b ra in s  into the adult.
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T hese conclusions, in  the ligh t o£ p rev io u s e x p e rim en ts  on 
n e u ro se c re to ry  c e lls , ligation , and tran sp lan ta tio n , su p p o rt the 
assu m p tio n  th a t m olting in  O. tu r ic a ta  is a h o rm onally  co n tro lled  
p ro c e s s .  A lso , i t  would su g g est th a t a horm one is  p roduced , o r  
p roduced  and s to red , in  the b ra in  from  which i t  is  re le a s e d  upon 
som e s tim u lu s  a sso c ia te d  w ith  engorgem ent.
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PLATE I
F ig . 3 C ro s s -se c tio n  of a n te r io r  p o rtio n  of O. tu r ic a ta  b ra in  
showing ganglionic c e ll t is su e . A sm a ll p o rtio n  of 
neu ro p ile  tissu e  shows a t  bottom  rig h t.
B ouin 's - M allory, X 630.
F ig . 4 C ro s s -se c tio n  of m id -p o rtio n  of O. tu r ic a ta  b ra in  showing 
p e r ip h e ra l  ganglionic c e ll t is su e  and inner neu rop ile  t is su e . 
Esophagus ap p ears  a t bottom  le ft.
B ouin 's - M allory, X 630.
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PLATE I
41
PLATE n
F ig . 5 N o rm al O. tu r ic a ta : fifth  in s ta r ,
F ig . 6 F ifth  in s ta r ;  ligated  24 hours a f te r  feeding; showing a n te r io r  
m olting  only.
F ig . 7 T h ird  in s ta r ;  ligated  48 hours a f te r  feeding; showing a n te r io r  
m olting  only.
F ig . 8 F o u rth  in s ta r ;  ligated  24 hours a f te r  feeding; showing 
a n te r io r  m olting only.
F ig . 9 T h ird  in s ta r ;  ligated  144 hours a f te r  feeding; showing
a n te r io r  m olting  and loss of p o s te r io r  end of body w ith c a s t .
F ig . 10 T h ird  in s ta r ;  ligated  48 hours a f te r  feeding; showing a n te r io r  
m olting  and lo ss  of p o s te r io r  end of body w ith  c a s t.
F ig . 11 F o u rth  in s ta r ;  ligated  144 hours a f te r  feeding; showing no 
m olting.
F ig . 12 T h ird  in s ta r ;  ligated  24 hours a f te r  feeding; showing com plete 
m olting .
F ig . 13 F o u rth  in s ta r  tick s; ligated  240 hours  a f te r  feeding; showing 
com plete  m olting .
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PLATE n
■ m
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RESULTS OF LIGATION OF O. TURICATA.
THIRD INSTAR TICKS
No. of days a f te r  feeding when lig a tu re  was app lied .
1  2 3 3 5 5 7 8 9 ÎÔ nC ategory
T otal
ligated .
L ost
lig a tu re .
D ied.
8 8 8 8 8 8 8 4 4  4
2 0 0 0 0 0 0 0 1  0
0 3 2 3 3 7 3 0 1  2
F a ile d  to 
m olt. 0 0 0 0 0 0 0 0 0  0
M olted
com pletely .
M olted 
a n te r io r  to 
lig a tu re .
6 2 4 4 5 4 0 4 1  2
0 3 1 1 0  1 1 0  1 0
C ontro ls m olted  in  8 - 11 days a f te r  feeding.
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RESULTS OF LIGATIONS OF O. TURICATA.
FOURTH INSTAR TICKS
No. of days a f te r  feeding when lig a tu re  was applied . 
C ategory  Î 2 3 4 5 5 7 8 9 ÎÔ
T ota l
H gated. 11 10 10 7 7 7 4 4 4 4
L ost
lig a tu re . 0 0 0 0 0 0 0 0 0 0
D ied. 3 3 4 2 0 5 0 0 2 3
F a ile d  to
m olt. 5 1 0 1 3 1 0 0 0 0
M olted
com plete ly . 1 1 4 4 3 0 4 4 2 1
M olted 
a n te r io r  to
lig a tu re . 2 5 2 0 1 1 0 0 0 0
C ontro ls m olted  in  9 - 10 days a f te r  feeding.
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